Internet-mediated research has offered substantial advantages over traditional laboratory-based research in terms of efficiently and affordably allowing for the recruitment of large samples of participants for psychology studies. Core technical, ethical, and methodological issues have been addressed in recent years, but the important issue of participant dropout has received surprisingly little attention. Specifically, web-based psychology studies often involve undergraduates completing lengthy and time-consuming batteries of online personality questionnaires, but no known published studies to date have closely examined the natural course of participant dropout during attempted completion of these studies. The present investigation examined participant dropout among 1,963 undergraduates completing one of six web-based survey studies relatively representative of those conducted in university settings. Results indicated that 10% of participants could be expected to drop out of these studies nearly instantaneously, with an additional 2% dropping out per 100 survey items included in the study. For individual project investigators, these findings hold ramifications for study design considerations, such as conducting a priori power analyses. The present results also have broader ethical implications for understanding and improving voluntary participation in research involving human subjects. Nonetheless, the generalizability of these conclusions may be limited to studies involving similar design or survey content.
Introduction

I
nternet-mediated studies have allowed investigators to accomplish a number of research feats, ranging from collecting data on broad public samples of hundreds of thousands of individuals to conducting multicultural research involving specialized or difficult-to-reach groups. [1] [2] [3] [4] [5] As compared to traditional laboratory-based research, web-based research often confers a number of advantages, including increased ease of participant recruitment, reductions in research time and expenses, environmental benefits, improved sample heterogeneity, reduced barriers to research access for participants, greater ease of gathering time-sensitive data, and automization of data entry and basic analyses. [6] [7] [8] [9] [10] [11] [12] However, these advantages are accompanied by a different set of technical, ethical, and methodological risks. 13 Although basic guidelines on core technical and ethical issues are readily available, 1, 8, 13 important methodological concerns continue to be addressed on a rolling basis. Initial studies evaluating Internet-mediated research methodology have focused on core psychometric issues, such as reliability, validity, and measurement equivalence. [14] [15] [16] [17] For example, in a multinational study of 361,703 participants, Gosling et al. 15 found that the results of web-based studies were fundamentally similar to those obtained from traditional paperand-pencil measures, with participant response sets having minimal impact. Over time, this line of research examined more specific psychometric issues, such as how participant response speed affects measurement reliability 18 or how the latency between online study phases impacts sample characteristics. 19 Although initial studies have allayed basic psychometric concerns, an essential complication of web-based research is the problem of participant dropout. In particular, as participant dropout increases, the sample completing the study potentially becomes less representative of the recruited population, decreasing the generalizability of the results of the study.
Although many Internet-mediated studies involve administering lengthy surveys to college students, the majority of web-based studies focusing on the specific issue of dropout have been confined to psychoeducational public-health studies designed to serve community samples (e.g., smoking cessation interventions, depression education, psychoeducation on risky sexual behavior, etc.). For example, researchers have examined how response rates vary among different samples recruited for participation and attempted to improve recruitment strategies to decrease early dropout during initial study phases. 20, 21 Additionally, investigators have studied patient factors associated with dropout during the course of multiple-stage longitudinal treatment studies conducted using web-based interventions. 22, 23 In addressing dropout concerns, these studies hold important implications for online intervention research. Unfortunately, web-based treatment research represents only a fraction of the vast array of studies being conducted on the web.
In contrast to these applied studies drawing upon community samples, Internet-mediated psychology research more often involves basic research using convenience samples recruited from university participant pools. 12 For example, it is relatively common for participants to be asked to spend in excess of an hour completing multiple self-report surveys of personality and related constructs, often consisting of hundreds of items in total length. To the author's knowledge, no studies to date have closely examined participant dropout during the course of completing basic online survey batteries commonly used in university research. Yet, this type of investigation would have several pragmatic implications. First, being able to estimate dropout rates is important for conducting a priori power analyses, necessary for recruiting samples that will have adequate power for the rejection of one's null hypothesis. Second, substantial non-random dropout threatens the generalizability of results produced using this modality. Third, the nature and course of dropout behavior carries implications for how researchers and participant pool overseers ethically credit and compensate participants for incomplete study participation.
Investigating dropout during the course of completing lengthy online surveys is also important for a broader ethical understanding of voluntary participation in psychological research. Demand characteristics, politeness expectations, obedience to authority, and conformity norms are known to significantly impact behavior, largely preventing any dropout from occurring during the course of standard research studies conducted in person in psychology labs. 3, 12, 24 Participants are more often freed from these constraints in the web-based setting. The Internet affords participants greater perceived privacy and proximity from the project investigator, perhaps allowing for participation in research inherently more voluntary. 1 If, as studies would suggest, web-based research is largely analogous to lab-based research but with decreased situational demand, then dropout rates in Internet-mediated research studies could arguably be thought of as rough indicators of involuntary participation rates in standard lab-based research studies. The present investigation summarizes existing data on dropout rates across a variety of Internet-mediated survey studies conducted in the university setting in an effort to shed light on these important ethical and methodological issues.
Method
Participants and procedures
A total of 1,963 college undergraduates from a large Midwestern university participated in one of six survey-based studies administered online. Studies were administered online via Surveymonkey.com and ranged in length from 243 to 535 survey items, measuring constructs primarily related to personality and emotion. All studies were approved by a university IRB, and participants were compensated for their involvement with psychology subject pool credit.
Participant responding. Each participant response was coded as an ''item'' completed, regardless of the type of question asked or response format. For example, checking a consent box after reading an online consent form was considered the first item completed. Participants typically then provided various forms of contact or demographic information, followed by completing a battery of surveys, usually with Likert-type response scales. No data are available on participants who failed to respond to a single item, namely those who read but did not complete a consent form. Study 4: Picture rating study I. Participants completed a 343-item series of measures related to personality and emotional intelligence, which were compared to predicted and actual emotional reactions to various emotionally evocative images. Of the 118 participants, 89 completed the entire study (75.4%). Most were young (M ¼ 19.2, SD ¼ 2.2) and female (61%).
Study 5: Picture rating study II. In a study similar to Study 4, participants completed a 535-item battery of surveys. Of the 621 participants, 440 completed the entire study (70.9%). Yet again, participants were generally young (M ¼ 19.6, SD ¼ 2.9) and female (71%).
Study 6: Birthday study. Participants with November= December birthdays completed a 152-item study examining personality differences in emotional reactions to their own birthdays. Of the initial 88 participants, 63 completed the entire battery of surveys (71.6%). They consisted mainly of young (M ¼ 20.5, SD ¼ 3.3) females (76%).
Results
Survival functions were estimated using the Kaplan-Meier estimator. Figure 1 shows the rate at which voluntary par-
HOERGER
ticipation levels declined as a function of the number of survey items completed, with curves 1-6 representing each of the six individual studies. Curve C represents a composite function, based on the Kaplan-Meier estimator, which factors in the concept of ''censoring'' (that participants completing the entirety of brief studies could have been estimated to complete an additional number of items given the chance), as well as sample size differences across studies. Essentially, the Kaplan-Meier estimator allows for the best estimate of dropout behavior, while extrapolating from studies with different survey lengths. Based on the Kaplan-Meier estimator, 6% of participants dropped out immediately after providing consent (item 1), and a cumulative total of 10.1% of participants discontinued within the first dozen responses. After this initial item set, dropout decelerated significantly, with a cumulative 13.2% of participants having dropped out after 100 responses, and 20.7% after 500 responses. Given the regularity of dropout behavior, a regression equation was developed, using the number of survey items completed to predict dropout rates. A simple linear equation adequately characterized the data, R 2 ¼ 90.5, p < 0.001, and various non-linear equations (logarithmic, exponential, geometric, and quadratic functions) did not account for significant additional variance. The linear equation states:
That is, 10% of participants can be expected to drop out automatically, with an additional 2% of participants discontinuing per 100 survey items administered. Post hoc analyses were used to determine if dropout behavior varied as a function of age or gender, though no statistically significant or practically relevant differences were noted.
Conclusion
Internet-mediated research has allowed investigators to conduct studies of enormous power, often with diverse groups and while consuming resources more efficiently than lab-based studies. [1] [2] [3] [4] [5] Past researchers have already addressed initial technical, ethical, and methodological concerns. 1, 8, [13] [14] [15] [16] [17] The issue of participant dropout has important ramifications for power, generalizability, compensation considerations, and our understanding of voluntary participation. Although many web-based studies involve college students completing a lengthy battery of online surveys, the few existing studies of participant dropout in the context of web-based research are confined to multistage public-health intervention studies. [20] [21] [22] [23] The present investigation was the first known to report on participant dropout behavior within the context of prototypical web-based survey studies involving student samples. The current results have encouraging implications for Internet-mediated studies and also have ramifications for voluntary participation in standard lab-based research.
In particular, most participants who discontinued did so early on in the studies. Approximately 10% of participants can be expected to drop out almost immediately, with an unremarkable 2% dropping out for every 100 items of survey content. These results are directly relevant to conducting a priori power analyses. For example, if a researcher needs 400 participants to achieve a desired level of power and a survey is 300 items in length, the present findings indicate that 477 participants should be recruited for the study.
Beyond facilitating power analyses, the present results have encouraging implications for Internet-mediated research from both an ethical and methodological perspective. Methodologically, the results are advantageous for handling incomplete data for individual cases; most participants who drop out do so early and can be discarded entirely from analyses, whereas very few drop out late and necessitate the imputation of data. Ethically, although past investigations have highlighted the difficulty of participants in understanding consent forms, 25, 26 the present results are more encouraging. Participants who voluntarily discontinued typically choose to do so immediately after reading the consent form or after answering a rather small subset of questions. That is, the decision to drop out of lengthy survey studies is based primarily upon the initial information available, rather than fatigue, unanticipated survey content, or potential harm experienced during latter portions of survey studies.
Additionally, the present investigation suggests strategies for facilitating voluntary participation in standard university research conducted in the laboratory setting. These findings make clear that a sizeable subset of university research participants typically prefer to discontinue participation after reading a consent form or completing a few initial items. Unfortunately, during single-session studies conducted in standard university psychology laboratories, dropout is unlikely to occur due to high situational demand. 3, 12, 24 To improve voluntary participation, researchers with high ethical standards may wish to break up study participation into two phases-one involving the gathering of consent, contact, and demographic information, and the other involving completing survey materials-as this would afford disinterested participants greater opportunity to discontinue voluntarily. Because the bulk of voluntary dropout occurs during the first dozen items completed, researchers who provide early opportunities for discontinuation could foreseeably request that participants complete a rather extensive battery of measures, as the number of survey items completed has a relatively 
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marginal impact on the desire to maintain participation in research.
The central limitation of this investigation is the restricted scope of studies included in the analyses. Dropout data were gathered from six studies, all conducted at the same Midwestern university by the same principal investigator, primarily involving surveys on personality and mood. Studies involving more controversial topics or complicated instructions could yield higher dropout rates than those reported here. Thus additional research examining dropout rates across more heterogeneous populations and research settings, such as in applied medical settings rather than psychology departments, would be necessary for drawing broader conclusions about the generalizability of these results.
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